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BIOCHEMICAL SOCIETY TRANSACTIONS
Thus dephosphorylation will increase during starvation as the ratio of dephosphorylating/phosphorylating activity increases by 4.5. Acute glucose loading alters this ratio to 1.5 times the fed value.
Chicken liver hexokinases differ from rodent liver hexokinases in several important respects. No isoenzyme inhibited by high glucose concentrations is present in avian liver (Ureta et al., 1972), and we observed no inhibition of activity over a wide range of glucose concentrations. Inhibition of chicken liver hexokinases by N-acetylglucosamine had a K,,,/K, ratio of 0.22. This value is intermediate between tlle 0.02 of rat hexokinase and the 15 of rat glucokinase (Viiiuela et al., 1963).
Thus there is no evidence for the presence of chicken glucokinase under normal nutritional conditions or under starvation plus acute glucose loading. The rate of glucose uptake and efflux from chicken liver is therefore likely to be regulated by substrate cycling involving glucose 6-phosphatase and hexokinase. Electron micrographs of kidney cortex tissue, conventionally fixed and sectioned, invariably show the microvilli of the proximal tubule to be regular elongated structures. By contrast, the appearance of brush borders and free microvilli prepared by subcellularfractionation procedures frequently show some, often extensive, vesiculation. Indeed, all examples of negatively stained brush borders and microvilli, whether prepared from kidney or intestine, so far reported show this change in form (see, for example, Rostgaard & Thuneberg, 1972; Johnson, 1967) . We noticed that non-vesiculated brush borders could be prepared by using a modification of the method of Thuneberg & Rostgaard (1968) , provided that great care was taken to ensure that the temperature throughout the preparation and negative staining was maintained between 0" and 2°C. The present communication reports some experiments designed to explore the mechanism of this temperature-dependent vesiculation process.
Brush borders were negatively stained with 4 % (w/v) ammonium molybdate, which is iso-osmolar with the O.S~-sucrose used in the preparation (Muscatello & Horne, 1968) . The extent of vesiculation was quantified by superimposing projected photographic negatives on a grid or radial pattern. The maximum widths of those microvilli whose tips crossed a radial line or touched the intersection of two grid lines were measured. For each sample, the maximum widths of 50 such microvilli were measured and the mean of these measurements was taken as an indication of the extent of vesiculation.
The rate of vesiculation was found to increase rapidly with increasing temperature. At 37"C, the mean maximum microvillus width increased from 80nm to 400nm in 40min. Recooling to 0°C halted, but did not reverse, the vesiculation. When brush borders were incubated in hypo-osmolar sucrose (0.1 M) at O' C, a slow vesiculation was observed. However, at 37"C, sucrose concentrations as high as 1 . 0~ did not prevent the brush borders from vesiculating, although a transient shrinkage occurred during the first 6min of incubation. Examination of several media revealed that the temperature-561st MEETING, LEEDS dependent vesiculation of kidney brush borders was independent of the composition of the medium, provided that it did not allow hypo-osmotic swelling to occur. These media included Krebs/Henseleit bicarbonate solution, 0.1 5 M-NaCI or -KCI, 0.5~-mannitol, Z O~M -N~H C O~ and OS~-sucrose buffered by either 0.1 M-Tris/HCl, pH7.0, or 0.1~-sodium acetate/acetic acid, pH5.2. The effect of a variety of reagents on the vesiculation was examined. These included chelating, thiol-group and oxidizingreagents, energy-source inhibitors ionophores and a number of compounds known to inhibit brush-border enzymes. Of these, only glutaraldehyde, Mersalyl and HgCl, were effective in preventing vesiculation.
The effect of various treatments on the brush border in tissue slices was also studied. Slices were maintained in Krebs phosphate/Ringer solution (Krebs, 1933) containing l m g of glucose/ml. The ultrastructure of such cells was stable for about 2h at 37°C when the medium was gassed with oxygen. Under these conditions the brush border exhibited little or no vesiculation. When 0.5 m~-2,4-dinitrophenol was present or when the medium was gassed with nitrogen, vesiculation of the brush border was seen after 30min. Addition of cycloheximide (lOpg/ml) or 1OmM-NaF to the oxygenated medium did not cause vesiculation. Hence the maintenance of an unvesiculated brush border in intact tissue requires oxidative phosphorylation, but not glycolysis or protein synthesis, i.e. the brush border vesiculates under conditions which are known to inhibit intracellular transport in other tissues (Jamieson & Palade, 1968a,b) .
Free microvilli, prepared from isolated brush borders by homogenization with an Ultra-Turrax (Janke and Kunkel KG, Staufen, West Germany) vesiculated in a manner identical with that shown by brush borders. The cores of microvilli are readily visible in negatively stained preparations. Vesiculation involves a collapse of the core structure of the microvillus. The core filaments of kidney microvilli are composed of actin (Booth & Kenny, 1976) . To examine whether the vesiculation of brush borders is due to the depolymerization of the microvillus actin, freshly prepared brush borders were incubated in 0.5 M-sucrose containing 750pg of phalloidin/ml. Phalloidin is a cyclic peptide which has the ability to polymerize G-actin and to prevent the depolymerization of F-actin (Lengsfeld et a/., 1974) . Phalloidin did not prevent the vesiculation of brush borders, even though the striking appearance of the actin filaments indicated that their structure had been preserved by this reagent. Hence the vesiculation phenomenon cannot be attributed to the depolymerization of the microvillus actin filaments. Although the temperature-dependent vesiculation of microvilli is initiated by a collapse of the core structure, the mechanism is likely to involve another component linking the actin filaments to the cytoplasmic surface of the membrane. Parting of these cross-bridges releases the membrane from the morphological constraint imposed by the actin filaments. This explanation is supported by electron micrographs.
